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I dedicate this book to DeWitt Garrett, who first taught me 
about the health benefits of vitamins and nutrition.
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The study of DNA in heredity and disease has led to a great many
heady scientific discoveries and, ironically, to some humbling acknowl-
edgments of ancient medical wisdom.

Scientists discovered nucleic acids, the general chemical building
blocks of DNA (deoxyribonucleic acid) and genes, in the 1890s.Within
several decades, biochemists and biologists had gained an impressive
understanding of how nucleic acids were involved in heredity, and by
1950 experiments with bacteria had proven that DNA transmits inher-
ited traits from one generation to the next.

Perhaps the single most dramatic event to ignite the imagination
and enthusiasm of biologists was the 1953 discovery by James Watson
and Francis Crick of the double-helix structure of DNA. All that
remained, or so it seemed at the time, was to decipher and describe the
genetic code in terms of its four-letter chemical alphabet.

But unraveling the details of DNA and its role in health and disease
has turned out to be a far more complex and, at times, vexing process.
As it turned out, the new millennium coincided with the complete
decoding of the human genome, and this catalog of all human genes has
led to many new insights into the function of DNA. Unfortunately, the
promise of turning these discoveries into practical ways of preventing
and treating disease has so far been disappointing. Cardiovascular dis-
eases remain the leading cause of death in the United States and most
of the developed world, while the scourge of cancer continues to take
its relentless toll despite minor advances in treatment and prevention.
Gene therapy has proven dangerous and difficult and has had few sig-
nificant successes. Despite our current understanding of cancer-causing
oncogenes and the details of how genes function, researchers have
devised few new and effective therapies for cancer patients.

F O R E W O R D
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Quite surprisingly, the promise of improved treatment and preven-
tion of human disease has emerged from an unexpected source: the
study of nutrition. This was unanticipated for a couple of reasons.
Despite the fact that two thousand years ago, Hippocrates, the father of
Western medicine, wrote that food was our best medicine, this idea
somehow came to be considered quaint rather than relevant. In addi-
tion, modern medicine has often derided and dismissed the role of
nutrition in health.

However, increasing numbers of researchers and physicians have
begun to acknowledge that the foods we eat lay the foundation for the
biochemical milieu of our DNA. For example, the body’s production of
new DNA, required for health and healing, depends on the presence 
of many vitamins. The activity of DNA is further influenced by various
nutrients’ intersecting with genetically determined biochemical
processes. And the progression of many diseases can often be influ-
enced or ameliorated by careful adjustments in the intake of dietary
nutrients.

This is a brave new world—and an exciting one at that—in the
fields of both genetics and nutrition. But it has been many years in com-
ing. An excellent example of the interaction of genetics and nutrition
was my 1969 discovery of arteriosclerotic vascular disease in children
with an inherited disease called homocystinuria. The most common
form of homocystinuria is caused by a single abnormal gene, which
programs the construction of the enzyme cystathionine beta synthase.
This genetic defect results in elevated blood and urine levels of homo-
cysteine, a toxic molecule now recognized in medicine as a risk factor
for coronary artery disease and stroke.

The normal activity of the cystathionine beta synthase enzyme
activity depends, humbly enough, on vitamin B6. Approximately half of
all children with this genetic condition respond favorably to large doses
of vitamin B6 with a dramatic lowering of homocysteine levels and a
marked reduction in the risk of blood clots and cardiovascular disease.
This is but one demonstration of how a genetic disease can be amelio-
rated by nutritional therapy.

In this important new book on genetics and human disease, the
remarkably talented nutrition and health writer Jack Challem clearly
explains the importance of nutrition and lifestyle factors in modifying
the genetic underpinnings of many human diseases. He draws upon
diverse yet authoritative sources to give reliable, sound, effective,
and well-reasoned advice. The impressive advances in nutrition and

x FOREWORD
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biochemistry over the past several decades parallel the growing under-
standing of the human genome and the genetic basis of human disease.
The merging of these two fields sheds new light on the process of aging
and the causes of human degenerative diseases.

Not only does Feed Your Genes Right explain the scientific
understanding of nutrition and genetic disease, but also the sound,
knowledgeable advice on treatment and prevention given is put into
understandable and practical terms in an achievable program of prac-
tical dietary improvement. Following the nutritional and lifestyle
advice in this book will help prevent the degenerative diseases all too
common in our twenty-first-century world.

—Kilmer S. McCully, M.D.
Author,

The Homocysteine Revolution and 
The Heart Revolution

FOREWORD xi
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If you’re like me, you want to maintain and perhaps improve your
health, reduce your chances of developing disease, stay mentally sharp,
stay at a normal weight, and remain physically active as you get older.
But as I’m sure you’ve already discovered, there is no shortage of how-
to health books or programs, frequently offering odd, counterintuitive,
or contradictory advice.

How do you make sense of everything you hear?
Today, in the early years of the twenty-first century, medical

research is dramatically shifting its focus. Instead of looking only at 
the physical or biochemical factors that lead to health problems,
researchers are gaining a better understanding of the far-reaching roles
genes play in determining the risk of disease. Now and in the years 
to come, the role of genes in health will strongly influence, and perhaps
even dominate, recommendations for maintaining health and avoiding
disease.

The truth is that your genes do play a fundamental role in health
and disease. These tiny molecules, found in each one of your body’s 70
trillion cells, contain biological instructions that orchestrate the func-
tions of those cells and of your body as a whole.Your genes govern the
activities of your heart, lungs, brain, and every other organ. The collec-
tive efforts of your genes determine how well your body functions—or
malfunctions, as the case may be. Quite simply, when your genes do
their job properly, you’re in good health.When they don’t, or can’t, you
are more likely to develop heart disease, cancer, and other diseases.

You have probably heard people say that “you’ve got the genes you
were born with,” suggesting that your health and risk of disease were

P R E F A C E
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sealed at birth. But contrary to popular opinion, genes are not rigid and
inflexible determinants of your health, and your life is not merely an
execution of some biological program beyond your control.

Instead, your genes possess extraordinary flexibility, which you can
use to live a longer and healthier life. How is this possible? The reason
is that genes do not function by themselves. Rather, gene activity
depends on a variety of nutrients as cofactors. Nutrients provide the
building blocks of genes, and they turn many genes on and off. Because
you control what you put into your mouth, you can literally feed your
genes right and gain tremendous health benefits. Or you can feed your
genes all the wrong foods and suffer the unfortunate consequences.Vit-
amins and minerals (and many other nutrients as well) have always
been essential cofactors for the normal functioning of your genes.

If these ideas seem strange or unfamiliar, rest assured. Research on
the interactions between nutrition and genes is in step with many of the
public-health recommendations you have heard over the years. For
example, doctors have long urged the adoption of various dietary and
lifestyle habits to reduce the risk of heart disease and cancer, such as
eating more vegetables and fruit and exercising regularly. Nutrients
work on multiple levels in the body, and ultimately they enable genes to
function more efficiently, the way nature intended them to.

I first became interested in the health benefits of nutrition in 1969,
when DeWitt Garrett, a college biology professor, made an intriguing
off-the-cuff comment about vitamin supplements. The timing was
serendipitous. I had recently been diagnosed with a cyst that my physi-
cian said would bother me for the rest of my life. About a week after I’d
started to take vitamin supplements, my cyst drained and disappeared.
I was impressed by the immediate and dramatic effect of the vitamins,
and I have been taking them ever since. Looking back, I now realize
that nutrient deficiencies likely interfered with the genes involved in
healing the cyst, a situation that the vitamin supplements corrected.

It was not until the mid-1990s, however, that I started to see a clear
connection between nutrition and genes. Bernard Rimland, an autism
researcher, happened to tell me about a physician who had used 
large dosages of vitamins and other supplements to treat children with
Down syndrome, a disorder caused by an irreversible genetic defect
that leads to physical abnormalities and mental retardation. Rimland
told me that the earlier children began taking the supplements, the
more likely they would grow up with near-normal intelligence and
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appearance. Somehow, massive amounts of vitamins and other supple-
ments managed to offset much of the genetic chaos of Down syndrome.

Hearing about the nutritional treatment of Down syndrome, I
began to mull over whether we are “what we inherit.” I had reason to
be curious. My older brother had died from cancer at a relatively young
age, and my parents had died after many years of failing health. I did
not want to follow in their footsteps, at least if I didn’t have to.

I mulled over a simple question: if vitamin supplements could undo
a significant amount of the genetic damage done by Down syndrome,
why couldn’t vitamins and dietary changes improve other types of
genetic defects or damage? It turned out that other people were think-
ing along the same lines. Researchers around the world were discover-
ing that vitamins, such as vitamin E and the B vitamin folic acid, could
reduce much of the cumulative genetic damage that occurs during the
aging process and in many diseases.

Shortly afterward, I had an opportunity to experiment on myself. In
1997, at age forty-seven, I grappled with the fact that I was twenty
pounds overweight and my blood sugar was creeping up toward pre-
diabetic levels. I was slowly but steadily heading toward type 2 diabetes.
For a health writer, this situation was, at the very least, embarrassing.
But I was at a loss as to how to change it.

The solution came with advice from people who were more savvy
than I was when it came to nutritional supplements and diet. A nutri-
tionally oriented physician conducted a battery of blood tests and
found that I was low in key minerals involved in managing blood sugar
and insulin. So I started taking supplements of these minerals, including
chromium, magnesium, and zinc. I also increased my intake of alpha-
lipoic acid, a vitamin-like nutrient involved in regulating blood sugar
and insulin levels. But supplements were not the entire solution. Two
years later a nutritionist coached me on eating more wholesome foods
as a way to lose weight and control my blood sugar.

By eating more nutritious foods, cutting out the all-too-convenient
junk foods, and continuing to take certain nutritional supplements—
what I now call feeding my genes right—I effortlessly lost twenty
pounds and four inches from my waist in three months. I also found, a
little later, that my blood sugar and insulin levels fell to well within
normal ranges. Knowing what I do now, I understand that these
changes helped turn off genes involved in overweight, inflammation,
and diabetes.

PREFACE xv
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All of these events were stepping-stones to a more serious exami-
nation of how nutrition influences the activity of genes and, in turn,
overall health. With all the news reports about gene research and (so
far exaggerated) promises of future gene therapies, most physicians
and researchers have ignored a simple yet profound fact: our genes
require many nutrients to do their jobs correctly, just as you and I need
a good meal to feel up to doing our jobs.

Feed Your Genes Right is the result of both a personal and a pro-
fessional quest, one that I am pleased to share with you. This book
explains, in simple and nontechnical terms, how nutrition affects your
genes and your risk of disease, regardless of whether you have inher-
ited “good” or “bad” genes.

In Part I, I provide an overview of nutrition-gene interactions,
explaining how genes become damaged and how they are capable of
repairing themselves, so long as they receive proper nutrition. In Part
II, I provide the Feed Your Genes Right Supplement Plan, which
describes specific vitamins and vitamin-like nutrients needed for
healthy genes. Part III covers dietary recommendations for maintaining
healthy genes, explaining what you should and should not eat. Finally,
Part IV describes how stress affects genes, suggests antistress nutrients
you can take, and makes specific recommendations for reducing
genetic damage that occurs in aging, heart disease, cancer, some inher-
ited diseases, and many other conditions.

The bottom line of Feed Your Genes Right is that you do not have
to wait years to apply the new and exciting discoveries of nutri-
genomics, the science of nutrition and genetics. You can utilize existing
knowledge to improve your health today and to set the stage for an
active, healthy, and long life. I have incorporated these concepts in my
own life, and you can, too.

Be healthy, and enjoy life!
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Nurture is reversible; nature is not.
—Matt Ridley

A lmost every week scientists announce the discovery of new genes
that may influence our long-term risk of disease. The headlines and
news stories tell us about genes that cause heart disease, Alzheimer’s
disease, breast cancer, prostate cancer, arthritis, diabetes, obesity,
depression, schizophrenia, osteoporosis, and dozens of other diseases.
As if we didn’t already have enough to worry about, we now have to be
concerned with whether we might be carrying any number of genetic
time bombs.

We hear also that gene research may eventually lay the ground-
work for new types of medical treatments. But until that time comes—
and it will be years away at best—it’s easy to feel victimized by our
heredity. After all, we have been told for decades that our genes pre-
determine our health risks—genetic fatalism, so to speak—and that we
can’t do anything to change the genes our parents gave us.

Or can we?
The premise of Feed Your Genes Right corrects much of what you

have previously heard.Your genes, of course, are the biological programs

1

Your Genes Depend 
on Good Nutrition

3

c01.qxd  11/22/04  10:07 AM  Page 3



4 FEED YOUR GENES R IGHT

that govern much of how your body functions or, as the case may be,
malfunctions and causes disease. But to the surprise of many scientists,
recent research has revealed that your genes are not rigid, unchanging
determinants of your health. Rather, you can improve your genetic
heritage and the way your genes function. Quite simply, you can offset
disease-causing genetic defects and age-related genetic damage with
certain eating habits, nutritional supplements, and other lifestyle
improvements.

As incredible as this may sound, the ability to modify the behavior of
your genes forms a key concept in nutrigenomics, the scientific field that
looks at how genes and nutrition interact. A large body of research
clearly shows that the normal functioning of your genes depends on a
good diet and a healthy lifestyle. By applying this research, you can fos-
ter healthier genes, slow your aging process (that is, feel and even look
younger), and lower your risk of virtually every disease. Feed Your Genes
Right explains exactly how you can do this, with easy-to-follow advice.

Is Nutrition All That Important?
People often seem surprised to hear that all of the foods they eat (not
just fats and carbohydrates) affect their physical health, aging process,
stress responses, and appearance. The truth is that the nutrients you
consume are literally the building blocks—the bricks and mortar—of
your body. Good nutrition provides a solid foundation for health. In
contrast, poor eating habits make for a shaky foundation at best.

The importance of nutrition in health is hardly a new idea. More
than two thousand years ago, Hippocrates, the father of Western med-
icine, wrote that food was our best medicine. Today many people
understand that some foods, such as fish and vegetables, are healthy
and reduce the risk of heart disease and cancer, whereas sugary soft
drinks, doughnuts, and candy bars are unhealthy because they set the
stage for obesity and diabetes.

What has changed since Hippocrates’ time is our comprehension of
the exact details and the full extent of how nutrition affects our health.
Until relatively recently, researchers had a fairly general understanding
of how some nutrients, such as vitamins and minerals, affect health. Sci-
entists have now gained a new and profound knowledge of the specific
ways that foods and individual nutrients affect the activity of genes
and, consequently, the health of the entire body.

With this growing understanding of how nutrients and genes inter-
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act, it is now possible to determine whether you might need extra
amounts of certain vitamins and minerals to stay healthy. Knowledge is
power, of course, and you can use this knowledge to overcome genetic
weaknesses and to reduce, slow, and sometimes reverse age-related
genetic damage. The payoff? You can greatly improve your health,
regardless of the genes you were born with. In a very real sense, you do
not have to rationalize that a particular health problem “runs in my
family,” because you do not have to let the health problem run in you.

Your Genes Are Flexible, Not Fixed
Our genes consist of a microscopic double strand coil of deoxyribonu-
cleic acid, better known simply as DNA. How are genes and DNA dif-
ferent? DNA is the equivalent of a biological dictionary. Genes use
DNA to form an entire set of instructions guiding the behavior of each
and every cell in our bodies.

This genetic program functions like the instructions written in a
computer’s operating system, or the underlying program that runs your
computer. Our genetic program governs the entire organization and
operation of our bodies, ensuring that nearly all people are born with
arms, legs, lungs, a heart, and other organs. We often look like our par-
ents because they were the source of our genes, passing along genetic
programs that determined our hair, eye, and skin color.

However, your genes do far more than program your appearance.
They orchestrate the creation of everything in your body, including
fifty thousand proteins and tens of thousands of other biochemicals.
Although many of your physical features (such as eye color) are fixed,
the genes in charge of your day-to-day biochemical processes are not.
Contrary to what many people have believed, genes are not destiny.
Your genes provide tremendous flexibility in your long-term health,
and you can use that flexibility to your advantage.

Your genes are always responding, in good or bad ways, to what you
eat; to your emotions, your stresses, and your experiences; and to the
nutritional microenvironment within each of your body’s cells. If you
maintain a particularly healthy genetic environment, your genes will
function normally and you will age relatively slowly and be more resist-
ant to chronic, degenerative diseases. If you maintain a less-than-
healthy genetic environment, such as by smoking or eating large
amounts of unhealthy foods, you will age faster and be more suscepti-
ble to disease.

YOUR GENES DEPEND ON GOOD NUTR I T ION 5
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6 FEED YOUR GENES R IGHT

The Promise of Feed Your Genes Right
By now you should realize that you do not have to live with health
problems that make you feel less than your best and increase your risk
of premature aging and disease.You also may be curious about the spe-
cific recommendations for feeding your genes right and improving your
health.

As you read Feed Your Genes Right, you will discover how

• some inherited genes may be predisposing you to a variety of
diseases that doctors commonly miss;

• age-related damage to your genes increases your risk of serious
diseases, such as heart disease, Alzheimer’s disease, and cancer,
as well as saps your energy levels;

• nutritional deficiencies create biochemical bottlenecks, prevent-
ing genes from fulfilling their normal and intended functions;

• foods rich in sugars and refined carbohydrates boost levels of
insulin, a hormone that alters gene activity and increases your
risk of obesity, diabetes, heart disease, and cancer; and

• certain cooking habits can damage your DNA and accelerate the
aging of your body.

But as the title suggests, Feed Your Genes Right is not just about
what can go wrong with your genes and health. Instead this book
emphasizes what you can do to protect your DNA and offset both
inherited genetic weaknesses and age-related genetic damage. Most of
this book explains how

• healthy, nutrient-dense foods, such as fish and vegetables, pro-
vide optimal nourishment for your genes and turn off many 
disease-promoting genes;

• some foods, such as kiwifruit, blueberries, and raspberries, actu-
ally help prevent and repair DNA damage;

• B vitamins help your body make and repair DNA and regulate
the behavior of your genes, something that becomes especially
important after age thirty;

• antioxidants, such as vitamins E and C, protect DNA from thou-
sands of dangerous molecules each day;

• selenium, an essential nutrient, turns on genes that fight cancer
cells; and
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• vitamin-like nutrients, such as coenzyme Q10 and carnitine,
counteract DNA-damaging molecules and boost your energy
levels.

The take-home message of this book is really very simple: you can
slow down your body’s aging process, reduce your risk of chronic and
catastrophic diseases, maintain high energy levels, stay sexually active,
preserve a more youthful appearance, and remain mentally sharp as
you reach middle and old age.You can do this by providing your genes
with the best nutritional environment for their normal—and even
optimal—functioning.

The key to accomplishing all of this, simple as it might sound, is eat-
ing nutritious foods, taking certain vitamins and other types of supple-
ments, engaging in moderate physical activity, and limiting the harmful
negative stresses in life. I’ve succeeded in doing these things myself, and
I have known people in their seventies and eighties who look and feel
decades younger than they really are by doing the same.

k
The Feed Your Genes Right Quiz:

Assessing Your Health and Risk of Disease
Your risk of disease is influenced by a variety of factors, including the
genes you inherit from your parents and how your genes are shaped by
the dietary and environmental factors unique to your life. This quiz
assesses some of the risk factors affecting the health and function of
your genes. Simply circle yes or no, depending on whether the state-
ment applies to you.

Your Inherited Risk Factors

I am more than forty years old. Yes No
My father died of a heart attack before the age of fifty. Yes No
My mother died of breast or cervical cancer before the 

age of forty. Yes No
Some serious diseases, such as arthritis, cancer, diabetes,

heart disease, obesity, or others, seem to run in my family. Yes No
I was born with a recognized birth defect, such as a cleft lip or a

cleft palate, or I have been diagnosed with a genetic condition. Yes No

Explanation: Yes answers point to a risk of disease related to either
inheritance or age-related genetic damage.

YOUR GENES DEPEND ON GOOD NUTR I T ION 7

c01.qxd  11/22/04  10:07 AM  Page 7



Your Current Health Status

I am a little overweight. Yes No
I am considerably overweight and so is (was) at least one of 

my parents. Yes No
My energy levels are not as high as I would like, and I often 

feel too tired to do the things I would like to do. Yes No
I have been diagnosed with glucose intolerance, insulin 

resistance, Syndrome X, or diabetes. Yes No
I have been diagnosed with some type of cardiovascular 

disease or cancer. Yes No
I regularly take two or more different medications for 

conditions my doctor has diagnosed. Yes No
The older I get, the more forgetful I seem to become. Yes No

Explanation: Yes answers indicate that your genetics, cell function,
and metabolism have been compromised, most likely because of
dietary or lifestyle habits. The more yes answers, the more seriously
your genes and health have already been compromised.

Your Stress Levels

I am under a lot of stress at home, at work, or while commuting. Yes No
I have a lot of resentment or anger about things that are not 

the way they should be in my life. Yes No
I have not been in a long-term relationship for at least several 

years, or I am in a relationship that I do not find enjoyable 
and satisfying. Yes No

I tend to have a lot of “down” days or often feel depressed. Yes No

Explanation: Yes answers reflect a high level of stress, which can
lead to an imbalance in brain chemistry and altered gene function in
brain cells.

Your Dietary and Exercise Habits

I usually skip breakfast, or I just have something like coffee 
and a doughnut. Yes No

I do not like eating vegetables, and I do not eat them regularly. Yes No
I eat a lot of my meals in fast-food restaurants. Yes No
I make most of my meals at home by heating something from 

a box in the microwave oven. Yes No
I smoke cigarettes. Yes No

8 FEED YOUR GENES R IGHT
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YOUR GENES DEPEND ON GOOD NUTR I T ION 9

I drink spirits (hard liquor) or beer every day. Yes No
I am too busy or too tired to exercise regularly. Yes No

Explanation: Yes answers indicate that you are not providing a
sound nutritional or lifestyle environment for your genes. Even if you
are currently free of disease, you are experiencing accelerated genetic
damage, which will set the stage for serious chronic disease.

To Finish the Quiz
Add up your yes answers. If you did not circle any yes answers at all,
you are in great shape, have good eating habits, and have good family
genetics. If you circled just a few yes answers, you may be thinking that
it’s nearly impossible to achieve a perfect score—and that this quiz is
stacked against you. But it is not. Rather the quiz is designed to show
how many heredity, dietary, and lifestyle factors can work against you
and the health of your genes. Every person inherits some types of
genetic weaknesses and acquires additional genetic damage each and
every day of his or her life.

k

The Failure of Gene Therapy
You might be wondering whether it would be easier to wait for medi-
cine to develop high-tech gene therapies to correct any genetic weak-
nesses you have or might develop as you age. The problem with that
line of thinking is that you may be dead before such research produces
any benefits for the majority of people.

The reason is that a lot of gene research has been misguided by
wishful thinking and oversold to investors and the general public. For
example, reports of a “breast-cancer gene,” a “heart-disease gene,” or
an “obesity gene” suggest that a single faulty gene causes each of these
diseases. If this were the case, it might be relatively easy to develop
gene therapies. But the “one gene, one disease” view is overly simplis-
tic. Only about 10 percent of women with breast cancer have one of the
so-called breast-cancer genes. The truth is that only a very small num-
ber of people have “smoking gun” genes that predispose them to obe-
sity, diabetes, heart disease, Alzheimer’s disease, or other disorders.

Although you don’t read about it very often, genetic research has
clearly shown that degenerative diseases are actually “polygenic.”That
is, most diseases involve hundreds and sometimes thousands of genes
that go awry. Up to 5,000 malfunctioning genes set the stage for
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cardiovascular disease, almost 300 wayward genes are involved in
asthma, and 140 faulty genes contribute to the problem of failing
memory. And with the complex interplay of 30,000 genes and 3 billion
units of DNA, it may very well be impossible ever to design truly
effective multigene therapies to treat common diseases.

Another problem is that despite billions of dollars of research, gene
therapies have so far been an abysmal failure. In most instances they
have simply failed to work, and sometimes patients have developed
cancer or died from mysterious causes. For example, many researchers
have used genetically modified viruses to deliver disease-treating
DNA. In some human experiments, these viruses missed their target
and instead attached to the wrong gene, causing leukemia. The conse-
quences of manipulating genes are often unpredictable, largely because
of their inherent complexity.

The massive research effort to identify genes and turn gene therapy
into a marketable product has for the most part ignored how genes—
just like the rest of your body—depend on proper nourishment. Many
scientists have been forced to accept the fact that thirty thousand genes
cannot by themselves account for the phenomenal complexity of the
human body. It is now becoming clear that vitamins and other nutrients
directly and indirectly serve as cofactors in gene activity, strongly influ-
encing how genes function.

Granted, foods and nutritional supplements are low-tech and con-
siderably less glitzy than the latest much-touted medical discovery.
They may even strike some people as being like quaint folk remedies.
But the science behind nutrition and genetics is solid, and nutrition has
the advantage of helping without causing harm. The most sensible
approach is actually a generic one: for the majority of people, it is to eat
foods and take supplements that enhance normal gene function and
reduce gene damage throughout the body.

In the next chapter, we will look at some of the ways that DNA
becomes damaged, as well as at DNA’s ability to repair itself.
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2

DNA Damage, Aging, 
and Disease

Whether you believe in God or are an atheist, it is hard not to be
emotionally moved by “the miracle of life.” However life began on
earth, whatever or whoever initiated it, the nature of life—a newborn
baby or hatchlings in a bird’s nest—inspires awe and respect. In a
process that is repeated millions of times each day, a single cell multi-
plies into a huge collection of diverse cells, operating with a level of
interactivity and complexity that science is only starting to grasp.

The miracle of life begins, physically, with DNA.This double strand
of molecules, too tiny to see without the most powerful electron micro-
scope, contains all the instructions that transform us from a fertilized
egg into a full human being. DNA also contains the biological programs
for making the thousands of proteins, hormones, and other biochemi-
cals involved in facilitating normal growth and healing, maintaining a
normal heartbeat, fighting infections, suppressing cancer cells, and per-
forming thousands of other jobs in the body. DNA is the biological
instruction manual that enables your body to function relatively
smoothly twenty-four hours a day, like the most complex of factories.

Your DNA keeps you healthy and alive, so long as you provide it with
a nutrient-rich environment. When your DNA starts to malfunction, you
will age faster than you would otherwise, and your risk of disease will

11
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increase as well. The reason for this is that malfunctioning DNA cannot
provide the correct instructions to your body’s cells, such as those in the
heart or kidneys, to perform their jobs. Similarly, cancers arise from dam-
aged DNA that incorrectly instructs cells to multiply uncontrollably. If
you are like me, you want to keep your DNA in the best possible shape,
because it means staying as youthful and healthy as you can.

A Quick Explanation of DNA, Genes, and Chromosomes
We regularly hear or read about DNA, genes, and chromosomes. But
what exactly are they, what do they look like, and what do they do? In
simple terms they provide organization to the biological instructions that
influence everything that happens in your body, from the color of your
eyes to your inherited risk of heart disease.

If you were to scrape off a little bit of skin from your fingertip and look
at it under a microscope, you would find that it is not a single clump of tis-
sue. Rather, your skin consists of individual units called cells, which per-
form various jobs. Your entire body consists of approximately 70 trillion
cells, which operate both independently and cooperatively.

Each cell contains a nucleus, or an obvious center. If you focused your
microscope inside the nucleus, you would see your genetic instructions
organized into twenty-three pairs of chromosomes.

By increasing your microscope’s magnification, you would see that the
forty-six chromosomes are divided into approximately thirty thousand
segments called genes. Each gene contains the instructions for making 
(or “coding” for) a single protein or enzyme. These genetic instructions
might be the equivalent of “color hair black,” “produce testosterone,” or
“make hemoglobin.”

Looking more closely, you would find that genes consist of double
strands of DNA (the abbreviation for deoxyribonucleic acid). DNA forms
the words in genetic instructions, and the typical gene contains approxi-
mately seven hundred DNA words.

Sharpening your focus even more, you would find that DNA strands
consist of four smaller chemical units called nucleotide bases.These chem-
icals (adenine, cytosine, guanine, and thymine) form the chemical alpha-
bet of DNA. A single cell in your body contains 3 billion DNA letters,
roughly the same number of letters found in thirty-seven thousand copies
of this book.

To make a protein or enzyme, DNA creates a strand of RNA (ribonu-
cleic acid) and then transcribes its instructions onto it. RNA then uses
these instructions to select the individual amino acids (which are found in
protein-containing foods) needed to make a specific protein or enzyme.
These proteins and enzymes form the foundation of thousands of bio-
chemicals, from hormones to neurotransmitters, required for your body to
function.

c02.qxd  11/22/04  10:09 AM  Page 12



How Genes Turn On
Over the years many researchers have attributed great powers to
genes, often suggesting that they predestine most aspects of your health
and disease risk. But by themselves genes do absolutely nothing. They
are simply sets of biological instructions that remain quiet until some-
thing prompts their activity.

Biologists describe the activation of genes as “gene expression.”
When a gene becomes “expressed,” it turns on, and only then does it
begin the process of creating a protein or enzyme. Genes can be turned
on by any number of factors, including normal growth, injuries, healing,
stresses, hormones, emotions, and infections.

The process of gene expression is analogous to how a factory
receives and fills orders. It begins when a cell receives a chemical signal,
which is akin to an order for a specific part.The order is directed to the
gene in charge of producing the protein or enzyme needed for that
part.After the protein or enzyme is made, vitamins, minerals, and other
nutrients are used to complete the manufacturing process.

If an important manufacturing ingredient—such as a specific vita-
min—is not present in adequate amounts, production stops and the
order cannot be filled. In practical terms this means that your body
might not be able to make new cartilage to cushion your knees or pro-
duce the neurotransmitter serotonin to reduce anxiety.

As another example, let’s say that you are cooking dinner and you
accidentally cut your finger with a knife. Almost instantly a variety of
chemical signals alert the entire body to what has happened. Some of
these chemical signals activate immune cells, such as white blood cells,
which rush to the cut and attack infecting bacteria. Other signals turn
on genes involved in healing. During the healing process, some skin
cells start making copies of their DNA and then divide to create new
cells. After the cut heals, all this activity subsides, because it is no longer
needed.

Nutrients Help Activate Genes
For genes to remain healthy and functional—to be turned on or off
when they are supposed to be—their constituent DNA must be fed the
proper nutrients.This is a little different from what you have previously
heard about nutrition. Most of us have been taught that we need nutri-
tion to live, and we have learned that we need many specific nutrients,
such as vitamin A for our eyes and calcium for our bones. But only
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recently have researchers begun to appreciate the details of how nutri-
tion affects our DNA and genes.

Despite the frequent news reports about DNA, genes, and health,
most people never hear that the body’s production of DNA depends on
the presence of certain vitamins. For example, you must have an ade-
quate intake of vitamins B3 and B6 and folic acid to make DNA. (The
role of these vitamins will be discussed further in chapter 5.) Low intake
of any of these and other vitamins, a problem that is surprisingly com-
mon, reduces the production of DNA needed for new and replacement
cells. If you cannot make new DNA, you will be left with only damaged,
old, or malfunctioning DNA—giving your cells the wrong instructions.

Many other nutrients play important roles in normal DNA function
as well. Zinc, an essential dietary mineral, forms fingerlike structures
within in DNA. Similarly, selenium, another essential mineral, is
needed by a key cancer-suppressing gene. These nutrients and others
will be discussed in greater detail in chapters 4, 5, and 6. Throughout
this discussion, one of the key ideas to remember is this: vitamins and
many minerals (and many other nutrients as well) are absolutely essen-
tial for health. Part of the reason they are essential is that genes need
them for normal functioning and resisting disease.

Proof of Principle: Folic Acid, 
Vitamin D, and Our Genes

In the 1960s Welsh scientists and physicians reported that pregnant
women eating diets low in the B vitamin folic acid (found in leafy green
vegetables) had a high risk of giving birth to infants with a serious
birth defect called spina bifida. It took a number of years, but
researchers eventually realized that some of the women had genetic
weaknesses that interfered with how their bodies processed folic acid,
thus increasing the risk of birth defects.

Scientific studies focused on the gene that made an enzyme crucial
to the body’s processing of folic acid. Subtle defects in this gene led to
the creation of an inefficient enzyme, which in turn interfered with folic
acid’s essential role in making new DNA and cells for a growing fetus.
Without ample folic acid, normal DNA and cell production failed, and
a birth defect was almost inevitable. But the researchers also found that
women who increased their consumption of folic acid (either through
foods or supplements) overcame this genetic defect and gave birth to
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healthy babies. The extra folic acid didn’t change the gene, but it did
enable the enzyme to work harder.

In recent years researchers realized that either the same genetic
defect or low levels of folic acid could interfere with DNA-building
processes throughout the body and at any time (not just during gestation
in women). It turned out that low intake of folic acid can set the stage for
widespread genetic damage, premature aging, heart disease, Alzheimer’s
disease, and even some types of cancer. In each case adequate or extra
amounts of folic acid help maintain normal gene function.

A similar story recently began unfolding with vitamin D. Many
people inherit a defect in the gene responsible for managing vitamin D
in the body. More than a dozen variations in this gene have been iden-
tified so far. Some variations increase the risk of the bone-thinning dis-
ease osteoporosis, and others boost a person’s chances of developing
cancer, diabetes, or multiple sclerosis. The scientific evidence suggests
that increasing one’s intake of vitamin D or spending at least fifteen
minutes daily in the sun (which stimulates the body’s own production
of vitamin D) can overcome this genetic defect and reduce the risk of
these diseases.

How Jerry Saved His Heart
Jerry, now age fifty-six, is alive and well and in exceptionally good
health—thanks to the fact that he has used nutrition to offset a
potentially fatal genetic defect.

Nearly all of the men in Jerry’s family have died at relatively
young ages. His paternal grandfather died of a heart attack at
forty-six. Jerry’s father died after suffering his second heart
attack at age thirty-eight. And Jerry’s older brother died after a
stroke at age forty-two.

Several years ago genetic testing found that Jerry carried a
subtle defect in the gene programming the construction of meth-
ylenetetrahydrofolate reductase (MTHFR), an enzyme needed
for normal utilization of the B vitamin folic acid. Because of this
defect, Jerry did not efficiently use the modest levels of folic acid
found in his diet. As a result his blood levels of homocysteine, a
major risk factor for heart disease, were extremely high—34
micromoles per liter of blood. It is very likely that other men in
Jerry’s family carried the same MTHFR polymorphism.

To offset the sluggish MTHFR enzyme created by the gene, a
nutritionally oriented physician recommended that Jerry take a
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daily high-potency B-complex vitamin supplement containing
800 mcg of folic acid. She also suggested that Jerry eat more veg-
etables and fewer high-carb and high-fat fast foods. Literally fear-
ing for his life, Jerry also began exercising regularly and adopted
stress-reduction habits, such as meditation, to deal with work-
related pressures.

Today Jerry is a paragon of cardiovascular fitness. His homo-
cysteine and blood-fat levels are normal, about 7 micromoles per
liter of blood. In addition, his blood pressure is normal, and a
treadmill test recently found him to be exceptionally fit.

Some Common Genetic Diseases
All degenerative diseases entail some type of impairment of DNA and
gene activity. For example, some types of DNA damage are inherited
and cause specific diseases, such as sickle-cell anemia. Cancer results
from DNA damage that totally rewrites normal genetic instructions.As
you get older, you acquire increasing amounts of genetic damage that
affect your body’s outward appearance and how well the interior of
your body functions.
Aging. Although aging is not generally considered a disease, it pos-
sesses the genetic hallmarks of a disease: progressive damage to DNA
that increases the risk of developing diseases. For example, wrinkled
skin reflects underlying DNA damage to skin cells.
Cancer. Many different factors strongly influence the risk of developing
cancer, but some people inherit unstable genes that increase
susceptibility to cancer. For example, low activity of the p53 cancer-
suppressing genes can increase the risk of many types of cancer. More
often, however, random mutations to DNA can reprogram gene func-
tion, leading to normal cells’ becoming cancerous.
Celiac Disease. This inherited disease causes a total intolerance of
gluten, a family of proteins found in wheat and many other grains. The
intolerance, which is somewhat like an allergy, commonly leads to an
abnormal immune response centered in the gastrointestinal tract and
causes poor nutrient absorption.
Coronary Artery (Heart) Disease. Although strongly influenced by diet
and emotional stress, coronary artery disease can also be influenced by
specific genes. For example, the APOE E4 gene promotes the accumu-
lation of cholesterol, and some versions of the MTHFR gene can lead
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to elevated blood levels of homocysteine, which damages blood-vessel
walls.
Favism. This intolerance to fava beans results from a genetic variation
that interferes with the body’s ability to break down toxic substances.
As a consequence, two naturally occurring substances (vicine and
divicine) in fava beans are toxic to people with this genetic trait.
Hemophilia. This disease, which prevents the normal clotting of blood,
is caused by a genetic defect that impairs the body’s use of vitamin K.
Hemochromatosis. This condition is caused by a genetic variation that
interferes with regulatory mechanisms involved in iron absorption.
People with hemochromatosis absorb too much iron, which can
increase the risk of heart disease and other disorders.
Mitochondrial Myopathies. These conditions, which severely affect
energy levels, result from defects in the DNA programming of energy
production in cells. Because of these defects, people with mitochondrial
myopathies cannot efficiently produce energy and suffer from extreme
weakness and exhaustion.
Phenylketonuria. This condition results from a genetic defect in an
enzyme that prevents the conversion of phenylalanine to tyrosine, both
important amino acids. Symptoms affect the nervous system and
include seizures and psychiatric disorders.
Pyroluria. Some people are genetically predisposed to excrete elevated
levels of kryptopyrrole, which also depletes vitamin B6 and zinc.The con-
dition, called pyroluria, is found in many schizophrenic patients. Low 
levels of vitamin B6 impair the synthesis of serotonin and many other
neurotransmitters, so depression and moodiness may be other common
symptoms. White spots on fingernails are a sign of zinc deficiency.
Sickle-Cell Anemia. In ancient times sickle-cell anemia, which dis-
torts the shape of red blood cells, provided some protection against
malaria. However, its symptoms include pain and a sharply increased
risk of cardiovascular disease. It is most common in people of African
descent.

How Too Much Iron Weighed 
Down Michael’s Health

Michael, in his mid-thirties, was experiencing inexplicable physi-
cal symptoms. His skin was darkening, his knee joints were
aching, and his interest in sex had practically vanished. The half-
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dozen physicians he had consulted could not come to a single
diagnosis, and they suggested an array of treatments, including
antiinflammatory drugs, testosterone patches, and antidepressant
medications. One even suggested Michael spend less time in the
sun, though he never was outdoors long enough to get a sunburn,
let alone a tan.

Increasingly frustrated, Michael made an appointment with
yet another physician. But this one had a hunch about the under-
lying cause of his health problems. Over the next several weeks,
she ordered two different tests for his blood iron levels and then
a test for a mutation in the HFE gene. Both tests came back pos-
itive. She diagnosed Michael with hemochromatosis, an inherited
disease in which the body stores abnormally large amounts of
iron.

Although iron is an essential nutrient, high levels can be dan-
gerous and lead to a variety of seemingly disparate, difficult-to-
diagnose symptoms. Untreated, hemochromatosis can lead to
liver cancer, diabetes, heart failure, and premature death.

Michael’s physician followed standard medical practice in
treating hemochromatosis. She asked him to make weekly
appointments for “serial phlebotomies”—medically sanctioned
bloodlettings. Iron overload can be prevented by regularly draw-
ing off a pint of blood. In addition, Michael consulted with a
nutritionist, who recommended that he avoid iron-fortified grain
products (such as breads and pastas) and iron-containing nutri-
tional supplements.

Michael was lucky to be diagnosed early enough to reverse his
symptoms. Over the next few months, all his symptoms began to
subside.

How DNA Becomes Damaged
DNA damage occurs in a variety of ways, with the consequences
interfering with the normal activity of our genes. The most common
causes of damage include free radicals, replication errors in DNA, and
transcriptional errors in DNA.

Aging is the most visible sign of ongoing DNA damage. Wrinkled
skin reflects damage to the DNA and other structures of skin cells. Sim-
ilar age-related DNA damage occurs in all organs, though at different
rates, increasing our risk of degenerative diseases.
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Free Radicals and DNA Damage
The most widely accepted theory of aging is based on the idea that
unstable molecules called free radicals damage DNA. Free radicals
form in the body as a by-product of the processes that break down food
for energy, fight infections, and detoxify hazardous chemicals. They are
also found in pollutants, such as automobile exhaust, cigarette smoke,
copy machine fumes, and other types of air pollution. Still more free
radicals are generated when tissues are exposed to radiation, such as
ultraviolet rays in sunlight or the ionizing radiation of an X-ray.

Most free radicals are actually oxygen atoms, found in the air we
breathe. Oxygen atoms become free radicals when they lose (or occa-
sionally gain) one electron in what is normally a pair of electrons. To
restore the equilibrium of two electrons, free radicals react with and
steal an electron from any nearby molecule in a process called oxida-
tion. The effect is somewhat like a row of falling dominoes, with one
free radical being created after another, leaving large numbers of dam-
aged molecules in their wake. Oxidation is what also causes iron to rust
or silver to tarnish. In the human body, common targets of free-radical
oxidation include fats, sugars, proteins, and DNA.

Your body accumulates free-radical damage throughout your life-
time. In fact, each cell in your body suffers an estimated ten thousand
free-radical “hits” daily. Dr. Denham Harman, who conceived the free-
radical theory of aging, has explained that most people stay ahead of
this damage through efficient repair of DNA and other molecules until
about age twenty-seven. After that point free-radical damage starts to
accumulate faster than DNA can repair it.

While free-radical damage accumulates, it generally affects DNA in
a random fashion. For example, free-radical damage from cigarette
smoking concentrates in the lungs, where DNA mutations will increase
the risk of cancer. But these free radicals also affect the heart and all
other organs. The random nature of free-radical damage explains, at
least in part, why one smoker might develop cancer while another suf-
fers a heart attack.

Energy Production—the Major Source of Free Radicals
Nearly all the free radicals in the body are produced in mitochondria,
microscopic structures in cells that break down food molecules for
energy. During this process free radicals oxidize, or burn, glucose and
fats much the way a car burns gasoline.

Luckily, most of these free radicals are held in chemical reactions
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within the mitochondria. However, some free radicals do leak out, and
one of the first things they target is mitochondrial DNA. Mitochondria
contain their own DNA (separate from the DNA in a cell’s nucleus),
which provides many of the genetic instructions for breaking down
glucose and fats for energy.

When free radicals damage mitochondrial DNA, energy produc-
tion becomes less efficient, leading to the leakage of increasing num-
bers of free radicals and still more damage to mitochondrial DNA. As
these free radicals migrate, they also damage DNA in the cell nucleus,
as well as fats, sugars, and proteins in cells, interfering with other cell
functions. Many researchers believe that free-radical damage to mito-
chondria lies at the root of the entire aging process, which will be dis-
cussed further in chapter 4.

Inherited Mitochondrial DNA Defects
Many of the insights into mitochondria, DNA damage, and energy orig-
inated with studies of people with inherited or congenital diseases
called mitochondrial myopathies. (Myopathies are diseases that affect
muscle cells.) People with mitochondrial myopathies have damaged or
missing segments of mitochondrial DNA, which reduces their body’s
production of energy. Because heart, skeletal-muscle, and brain cells
have the highest concentration of mitochondria, these tissues are typi-
cally the ones most affected.

Symptoms of mitochondrial myopathies include extreme physical
and mental fatigue. Droopy eyelids are also a common sign of these dis-
orders. Symptoms often appear during infancy or early childhood and
continue through adulthood. It is common for people with mitochon-
drial myopathies to feel totally exhausted after walking just a short dis-
tance. Poor concentration and low brain-wave activity may also be signs
of some mitochondrial myopathies, and sometimes the damage is
severe enough to result in mental retardation.

How Suzanne Fixed Her Energy Problems
Suzanne had felt weak and “foggy-brained” for as long as she
could remember. As a child she had no energy or stamina for ath-
letic activities, and as an adult, just walking around a grocery
store left her feeling exhausted. Friends often kidded Suzanne,
calling her “the ultimate couch potato” because sprawled on the
sofa seemed like her most natural position.
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At age twenty-six, Suzanne started to develop droopy eyelids
and a slight tremor in her left arm, and she went to a neurologist
for an exam and tests. The doctor arranged for a muscle biopsy,
which was used to analyze Suzanne’s mitochondrial DNA. The
tests found that she had probably been born with damage to her
mitochondrial DNA. She was diagnosed with a mitochondrial
myopathy.

By pinpointing the specific location of the mitochondrial
DNA damage, Suzanne’s physician was able to recommend an
appropriate treatment. He suggested that she take several sup-
plements, including vitamin B2, coenzyme Q10, and alpha-lipoic
acid, all of which are involved in energy production. Suzanne’s
energy levels increased slowly, and several months after taking
these supplements, her improved stamina has allowed her to
enjoy more activities with her friends and family.

Acquired Mitochondrial DNA Damage
Interestingly, age-related accumulation of free-radical damage to
mitochondrial DNA is very similar to what occurs in people born with
mitochondrial myopathies.This explains, at least in part, why weakness
and fatigue are commonly part of old age.

Although mitochondrial DNA damage is extensive in the elderly,
significant damage can also occur at younger ages. One well-known
case involves Greg LeMond, the bicycle racer who won two world
championships and the Tour de France three times. Plagued with a
variety of health problems, LeMond was diagnosed at age thirty-two
with a mitochondrial myopathy. It was very unlikely that he was born
with such mitochondrial damage, because it would have prevented him
from excelling at bicycle racing. However, strenuous exercise generates
large numbers of free radicals, and LeMond’s intensive exercise (possi-
bly without appropriate nutritional support) may have damaged his
mitochondrial DNA.

A catastrophic loss of cellular energy production in mitochondria is
also a factor in cardiomyopathy and heart failure, diseases of the heart
muscle (as opposed to the more common coronary artery disease,
which involves a blockage in key arteries). Heart cells require enor-
mous amounts of energy to beat an average of 70 times a minute,
10,000 times a day, and 37 million times a year. All this energy must be
generated by mitochondria in heart-muscle cells. While cardiomyopa-
thy and heart failure sometimes result from damage to mitochondrial
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DNA, these diseases may also result from low levels of the vitamin-like
nutrients involved in energy production. These nutrients include co-
enzyme Q10, alpha-lipoic acid, carnitine, ribose, and creatine (all of
which will be discussed in chapter 4).

Some Nutrients That Protect DNA and Genes
Every nutrient directly or indirectly affects the health and performance
of DNA and genes. The genetic roles of some nutrients, such as folic
acid, vitamin D, and zinc, are well understood.The roles of others, such
as carotenoids and flavonoids, are only now emerging. The following is
a list of the most important nutrients affecting DNA and genes:

VITAMINS

Vitamin A. Influences the growth of cells and their differentiation into
specialized cells.
B-Complex Vitamins. Play diverse roles in DNA synthesis, repair, and
regulation.
Vitamin C. Enables generic stem cells to become specialized heart cells;
it is also needed in energy-generating chemical reactions and the for-
mation of proteins.
Vitamin D. Performs diverse hormonelike functions affecting bone
density, immunity, and cancer risk.
Vitamin E. Protects DNA from free-radical damage and also helps reg-
ulate some genes.

VITAMIN-LIKE NUTRIENTS

Alpha-Lipoic Acid. Plays key roles in the production of energy and, as
an antioxidant, in protecting DNA from damage.
Coenzyme Q10. Has a major role in producing energy in mitochondria.
Carnitine. Needed to transport fats into mitochondria so they can be
burned for energy.
Carotenoids. A family of plant-based antioxidants that affect the
activity of many genes; they also suppress a gene involved in skin
inflammation.
Flavonoids. A large family of plant-based antioxidants; the flavonoid
quercetin binds with DNA and may protect it against cancerous
changes.
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N-Acetylcysteine. Regulates many genes and also protects them from
free-radical damage.

MINERALS

Chromium. Essential for the body’s use of the hormone insulin, which
influences genes involved in fat- and muscle-cell production.
Selenium. Needed for the normal functioning of the p53 cancer-
suppressing gene.
Zinc. Provides key structural components, known as zinc fingers, to
many genes.

DNA Mistakes during Cell Replication
Your body makes new cells when you are growing up, during the heal-
ing of injuries, and when old cells stop functioning or die and must be
replaced. During cell replication, DNA makes a copy of itself, with the
copy becoming part of the new cell.

The accuracy of DNA replication is exceptional—far better than
that of the best typist—but it is not perfect. The replicated DNA may
look virtually identical to the original, but typographical errors form in
the chemical letters making up DNA.

These mistakes, or mutations, change a cell’s programming, usually
affecting it in a negative way. Most DNA mutations age our cells—and
little by little our entire bodies—eventually making us more prone to
organ dysfunction and disease. Furthermore, these mutations increase
each time a cell makes a copy of itself, with errors leading to still more
errors. That is why a fifty-year-old woman looks different from a
twenty-year-old woman—the former has more DNA mutations.

We don’t see the consequences of these mutations in the short
term, but we do over a period of years. For example, you may not notice
sun damage to your skin (reflecting underlying damage to skin-cell
DNA) from one day to the next, but you will see changes to your skin
over ten or twenty years.

DNA Errors during Transcription
During DNA transcription, the information encoded in specific genes is
transferred to RNA, which then uses the information as a template for
creating specific proteins or enzymes. These proteins and enzymes
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consist of chemicals known as amino acids. When you eat fish, chicken,
eggs, or other protein-containing foods, the protein is broken down
into amino acids in the digestive tract. The amino acids are subse-
quently delivered to cells and ultimately reassembled, following DNA
instructions, into new proteins.

Problems occur when various amino acids are not present during
transcription. If a needed protein or enzyme cannot be created, its
absence may have enormous repercussions, such as low levels of the
neurotransmitter serotonin and resultant depression.

Even when DNA transcription occurs with reasonable accuracy,
other obstacles can prevent the production of proteins. For example,
overcooking proteins creates substances known as advanced glycation
end products, or AGEs. Like free radicals, AGEs easily damage DNA.
There are ways to reduce production of AGEs, and these will be dis-
cussed in chapter 5.

Erik’s Leukemia: Diffusing a Genetic Time Bomb
Erik, a physician, didn’t know that he carried a genetic time
bomb in his body.

One night in 1996, he felt nauseated and woke up with an ele-
vated temperature and a pain in the side of his chest. His wife
drove him to the hospital, where tests found that his white blood
cell count was four times above normal. He was diagnosed with
acute myelogenous leukemia, and the prognosis was chilling:
without immediate treatment he would live no more than a few
days. With treatment the odds were that he would not live much
longer.

Erik was familiar with and had used nutritional therapy in his
own medical practice, but he knew that it took time to work.
With no time to spare, he decided to undergo conventional
chemotherapy and tried to emotionally brace himself for the
painful side effects.As best he could, because of regular vomiting,
he took 10 grams of vitamin C, 400 IU of vitamin E, 500 mg of
vitamins B1 and B6, and other supplements daily.

The chemotherapy bought Erik the time he needed, and after
several weeks he increased the dosages of some supplements and
added others, such as coenzyme Q10, to his regimen. As his
leukemia went into remission and his white blood cell count
normalized, he reduced the dosages of his supplements.

Erik beat overwhelming odds against him. A year after his
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diagnosis, he was strong enough to resume his medical practice.
After two years, a rare length of survival for this type of cancer,
his doctors told him he had a 98 percent probability of remaining
healthy for another three years.After that, he was venturing into
medically unknown territory.

Now, in 2005, more than nine years after his initial diagnosis,
Erik remains well. He attributes his long-term recovery to the
benefits of high-potency nutritional supplements, many of which
he still takes. Meanwhile, he focuses on his medical practice. “I
have found it to be so rewarding to be able to concentrate on the
problems of others rather than on my own fears for the future,”
he says.

How DNA Can Repair Itself
Like a publishing company, DNA also has proofreaders to catch and
correct typographical errors in our genes. These proofreaders are
enzymes that travel up and down the double strands of DNA, compar-
ing one strand to another and excising and replacing incorrectly copied
sections.

DNA-repair enzymes have their jobs cut out for them. More than
ten thousand DNA bases in each cell break down each day just from
normal body heat.Without DNA-repair enzymes, you would age much
faster and would experience a much higher risk of cancer. To function,
many of these enzymes depend on the presence of B vitamins, which
will be discussed in chapter 5.

DNA-Repair Enzymes
The body has more than a dozen types of DNA-repair enzymes, but
three appear to be the most important. Mismatch-repair enzymes
correct mistakes made when DNA is copied during cell replication.
These enzymes literally cut out and replace the errors. Transcription-
coupled repair enzymes fix DNA errors during the transcription
process, helping to prevent interruptions in the production of proteins
and enzymes. Nucleotide-excision repair enzymes fix DNA that has
become damaged, such as by free radicals.

The degree of accuracy in proofreading and correcting DNA mis-
takes is exceptional, but it is not perfect. Damage to a single strand of
DNA is relatively easy to repair, but identical damage to both DNA
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strands is difficult to correct, because the repair enzyme then does not
have reliable DNA to use as a model to follow.

A person’s DNA-repair efficiency can have a powerful bearing on
cancer risk. In a study published in the Journal of the National Cancer
Institute, researchers found that women with breast cancer consistently
had faulty DNA-repair processes. In contrast, only a small percentage
of healthy women had poor DNA-repair processes.Women with a high
risk of developing breast cancer were five times more likely to have
sluggish DNA-repair mechanisms.

RNA Repair Enzymes
Until very recently RNA was considered little more than a simple mes-
senger, transferring the information of DNA to create proteins and
enzymes. Studies have now found that short strands of RNA, called
microRNAs, help regulate cell growth.

RNA also plays a major proofreading role during DNA transcrip-
tion.According to recent research, strands of “RNA interference” scan
DNA for mutated genes. When RNA interference identifies a mutant
gene, it signals other repair enzymes to come in and remove it.

Limitations of DNA Repair
Some people seem to be particularly prone to unstable DNA.This lack
of structural stability can increase the risk of DNA mutations and can-
cer. In addition, some environmental contaminants, such as cadmium,
directly interfere with normal DNA-repair processes. Also, aging cell
membranes, which are basically the exterior and interior walls of cells,
can prevent DNA-repair enzymes from moving from one part of a cell
to another where they are needed.

Still, every person has a tremendous capacity for DNA repair, and
you can enhance your ability to repair and maintain healthy DNA.
Your DNA-proofreading and -repair enzymes depend in large part on
the B vitamins.Antioxidants, such as vitamins E and C, can help protect
DNA from damage. (We will discuss these vitamins in more detail in
chapters 5 and 6.) There is compelling scientific support for using these
vitamins to shore up the body’s DNA-repair enzymes.

In the next chapter, we will consider how both longer life spans and
modern eating habits have placed unprecedented stresses on genes,
leading to their malfunction and hence to a greater risk of diseases.
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Despite the well-known relationships between poor eating habits and
the risk of many common diseases, such as obesity, diabetes, heart dis-
ease, and cancer, most of us do not pay much attention to the quality of
the food we eat. We do not usually associate food with how we feel
from day to day, let alone with our long-term risk of disease. Nor do
most of us realize that behind the more visible signs of health and dis-
ease, the foods we consume affect the activity of our genes.

All too often we eat to satisfy hunger pangs or cravings, instead of
seeking good nutrition to maintain our health and, in the context of
this book, normal or optimal gene function. We will often pick up a
quick drive-through meal or pop a package into the microwave oven,
because we have not allowed ourselves time to prepare a more whole-
some meal. After we eat, we feel better for having quenched our
immediate hunger, but many of the serious health consequences are
usually years away, preventing us from connecting our eating habits
with health.

Considerable research now points to specific ways that nutrients
can positively affect genes and how we can put this information into
practice. These boil down to three key areas that will be discussed at
greater length subsequently:

3

Conflicts between Ancient
Genes and Modern Foods
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1. Many of the individual nutrients a person routinely eats (or does
not eat) directly affect the functioning of genes, which in turn
influences both the daily sense of well-being and the long-term
risk of serious disease.

2. Both inborn genetic weaknesses and age-related acquired genetic
damage can be largely offset through the use of supplemental
vitamins and other nutrients, fostering the optimal performance
of our genes and overall biochemistry.

3. Research in several scientific disciplines, including the fields of
nutrition, cell biology, molecular biology, and nutritional anthro-
pology, points to particular eating habits and nutritional supple-
ments that can enhance gene function in most people.

However, before turning to practical nutritional recommendations
to enhance gene function, we must briefly consider the context—that is,
our genetic and dietary heritage. This chapter focuses on some of the
ways that modern eating habits and lifestyles have created new and
unnatural stresses on our genes. It also provides a dietary framework
for getting the most out of our genes.

The Genetic Downside of Living Longer
Most people would like to live a very long time, but, surprisingly, there
are genetic consequences in doing so. One of the most significant con-
sequences of living longer is having more time to acquire free-radical
damage to our genes, resulting in an increased likelihood of developing
chronic degenerative diseases.

To explain, until about ten thousand years ago, the average human
life expectancy was approximately thirty years. Even as recently as
1900, most people in the United States lived only an average of fifty
years, and the leading cause of death was infection. Today the average
life expectancy is almost seventy-six years for American men and
almost eighty years for American women. Over the past century, life
expectancy in most other Westernized nations has increased signifi-
cantly as well.

Instead of dying from extreme physical hardships, injuries, or infec-
tions at relatively young ages, most of us now live long enough to die
from diseases related to long-term, cumulative DNA malfunctioning
damage, such as heart disease, cancer, and Alzheimer’s disease. If medi-
cine somehow reduced deaths from these diseases, another disease
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would emerge as the leading cause of death. After all, we will die of
something.

This discussion is not intended to be either wry or pessimistic.
Rather it begs a very important question: what can we do to slow the
inevitable genetic damage that develops during our longer lives? The
answer is that we must take conscious steps to maintain the health of
our genes.

For example, we know that smoking cigarettes and drinking large
amounts of alcohol accelerate gene damage, the aging process, and the
risk of various diseases. But we often forget that the opposite is also
true—that we can slow down the age-related accumulation of DNA
damage. Eating healthy foods, taking certain nutritional supplements,
engaging in regular physical activity, and limiting psychological and
emotional stresses all work to preserve and maintain normal or
enhanced gene function. While these health recommendations might
sound familiar, the rationale behind them and the specific suggestions
in Feed Your Genes Right differ from those in other health books.

Ancient Genes, Modern Diet
Many modern health problems result from what amounts to a collision
between our ancient genetics and modern highly processed foods.
These foods, which include the vast majority of packaged products sold
in supermarkets as well as fast foods, have undergone substantial mod-
ification from their original form, and they bear little nutritional resem-
blance to what people ate in the past.

As a result, our genes are routinely exposed to “genetically unfa-
miliar foods,” and they respond abnormally, such as by triggering
chronic inflammatory reactions.The solution is to bring our current eat-
ing habits more into line with our genetic requirements. This change
might initially seem a bit daunting, but it is actually relatively easy to
accomplish.

To figure out what we should eat for normal gene function and a
relatively healthy and long life, it is useful to understand the nutri-
tional environment that coexisted with and helped shape our genes
over many years. For instance, we know that human beings and other
mammals developed in nutrient-dense environments. In other words,
nearly every calorie consumed came with relatively large amounts of
vitamins, minerals, proteins, and healthy fats but relatively little starch
(carbohydrate) and no pure sugars.
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Nutrient-Dense Foods
So what exactly did early humans eat in the distant past? Dr. S. Boyd
Eaton of Emory University and Loren Cordain, Ph.D., of Colorado
State University have conducted extensive research on ancient hunter-
gatherer diets, which is what all humans once consumed. People hunted
wild animals for meat and foraged for edible plants. If they lived near
an ocean, lake, or river, they likely caught and ate fish and other types
of seafood as well.The relative percentages of animal foods versus veg-
etable foods varied from culture to culture, but, interestingly, no society
was entirely vegetarian. Many ancient diets were extraordinarily
diverse, including up to a hundred different types of plant foods, as well
as scores of land animals, many species of fish, and wild bird eggs.

As varied as these ancient diets were, they all shared the common
characteristic of nutrient density. People rarely if ever consumed
“empty calories” largely devoid of other nutrients, as we often do today
with various types of sugars, refined starches, very fatty foods, and 
alcohol.

So, over many years, nutrient-dense foods helped shape the struc-
ture and function of human genes.At the same time, our genes became
dependent on foods containing relatively large amounts of vitamins
and minerals but relatively small amounts of carbohydrate calories
from starches and sugars. Around ten thousand years ago, human eat-
ing habits started changing with the advent of agriculture, which led to
substantial increases in carbohydrate and sugar intake.

The consumption of nutritionally empty carbohydrates and sugars
has accelerated greatly over the past hundred years and especially over
the past thirty years, with the popularity of fast-food restaurants, con-
venience and microwave foods, soft drinks, and thousands of snack
items on supermarket shelves. Today 80 percent of the carbohydrate
calories consumed in the United States supply few nutrients besides
sugars and refined starches.

How Are Ancient and Modern Diets Different?
Ancient and modern diets differ in many ways. Here are a few exam-
ples of those differences:

• Vitamins and Minerals. With the exception of sodium (in salt),
ancient humans consumed two to six times higher levels of most
vitamins and minerals.
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• Protein. Ancient protein consumption ranged from 19 to 35 percent
of total calories and sometimes up to 50 percent. Today protein
accounts for about 15 percent of all calories.

• Fats. Human diets once provided 38 to 58 percent of calories as fat,
compared with 34 percent today. However, the type of fat was sub-
stantially different.Ancient peoples consumed about equal amounts
of omega-6 and omega-3 fats, but today the ratio is about 30:1 in
favor of omega-6 fats. Both families of fats influence gene activity
and provide biochemical building blocks for the immune system.
The omega-6 fats, found in corn oil, safflower oil, and other common
cooking oils, promote inflammation. In contrast, the omega-3 fats,
found in fish and grass-fed livestock, are antiinflammatory.

• Carbohydrates and Fiber. Ancient carbohydrates were found in
vegetables, fruits, nuts, and seeds, not in grain-based food products
(such as breads and pastas). In addition, these carbohydrates 
were part of a fiber matrix that buffered their absorption. In the
past, people consumed about 100 grams of fiber daily; today it is
about 20 grams.

Different Diets, Different Genetic Messages
By comparing ancient and modern diets, it becomes clear that modern
refined and processed foods are very different from the foods that orig-
inally nurtured our genes.This difference—the incompatibility of mod-
ern foods with ancient genes—accounts for much of the current
prevalence of degenerative diseases. But what, you might ask, are some
of the specific genetic consequences of a diet incompatible with our
biological heritage?

When we consume a diet built around foodstuffs that did not exist
until recently, our ancient genes receive unfamiliar chemical signals.
Sometimes they misinterpret these signals and, not surprisingly,
respond abnormally. For example, diets high in sugars and refined
starches, which are relatively new components of human diets, turn on
genes that promote inflammation, obesity, and diabetes.

The response of genes to genetically unfamiliar foods is nearly
always abnormal. It is as if they are struggling to interpret and respond
to a foreign language. Imagine your genes as American tourists trying
to follow travel directions in Greek, and it might be somewhat comical.
But there is nothing funny when genes misunderstand chemical mes-
sages and their reactions then set the stage for chronic disease.
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Excess Carbohydrates Alter Gene Function
The significant difference between past and present eating habits
becomes clear in a simple comparison.Twenty thousand years ago, peo-
ple hunted and foraged for their food, eating lean meats, seafood, and
organic (pesticide-free) vegetables that resembled our modern kale,
rose hips, and crabapples. The diet could be described as high in 
protein, relatively low in saturated fat, and high in nonstarchy (low-
carbohydrate) vegetables and fruits. Hunter-gatherers also had to be
physically active to obtain food, which stimulated genes to increase the
number of muscle cells and the number of mitochondria within muscle
cells. Under these circumstances obesity was rare, if it occurred at all.

Today many people still forage, but they do so by choosing highly
refined and processed items from the menus of McDonald’s, Burger King,
Taco Bell, and other fast-food restaurants.A burger, fries, and a soft drink
provide mostly sugars, other refined carbohydrates, and saturated and
trans fats but little quality protein and few vitamins and minerals. Such a
meal is calorie-dense and carbohydrate-dense but not nutrient-dense.

Eating large quantities of empty carbohydrate calories—the average
person now consumes 150 pounds of sugars each year—raises glucose
levels, which in turn increase the secretion of insulin, one of the body’s
principal hormones. Insulin helps move blood sugar into cells where it
should be burned for energy. However, insulin has far-reaching gene-
and cell-regulating roles beyond that of glucose metabolism. For exam-
ple, elevated insulin levels promote fat accumulation around the waist,
stimulate hunger, and increase the risk of heart disease and cancer.

All of these changes result from insulin’s altering the activity of a
variety of genes. Insulin turns on genes that increase levels of the stress
hormone cortisol, which accelerates aging. Insulin also increases the pro-
duction of C-reactive protein, a substance that promotes inflammation
and accelerates aging. One of the key steps you can take to minimize
DNA and gene damage is to keep your insulin levels as low as possible.
A fasting insulin of under 12 mcIU/ml of blood would be ideal, and
some physicians recommend levels under 8 mcIU/ml. You can achieve
this level by following the dietary recommendations in chapter 7.

Calorie Restriction: Reduced DNA Damage 
and Greater Longevity
Reducing your overall caloric intake, while maintaining adequate
intake of vitamins and minerals, can reduce DNA damage, increase life
expectancy, and lower the risk of disease. Animal studies dating back to
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1935 have consistently shown that permanently cutting calorie intake by
one-third extends the life expectancy of rodents by about 30 percent.
However, experiments conducted in 2004 found that many of the bene-
fits of lifetime calorie restriction may be achieved during late middle age.

Researchers long believed that this increase in life expectancy was
the result of slowing down metabolism, and they were partly right.
Scientists now understand that calorie-restricted diets also reduce the
production of free radicals in mitochondria, largely because less food is
broken down for energy. With fewer free radicals being formed, there
is less opportunity for mitochondrial and nuclear DNA to become
damaged.

Ongoing studies with monkeys, close biological relatives of humans,
show that calorie restriction protects against many of the degenerative
diseases typical of aging. Middle-aged calorie-restricted monkeys have
lower blood sugar and insulin levels, look more youthful, exhibit higher
energy levels, and show few signs of age-related degenerative diseases
compared with animals that are allowed to eat as much as they want.

Granted, reducing caloric intake by one-third is not appealing for
most people. However, nearly everyone can afford to eat somewhat
smaller meals and resist the marketing of “supersized” meals that have
resulted in overweight (supersized!) people. In addition, research sug-
gests that some nutritional supplements, such as chromium picolinate
and coenzyme Q10, may decrease cell damage in ways similar to calorie-
restricted diets.

How Vitamins Reduced Barbara’s Symptoms 
of Sickle-Cell Anemia

Barbara, age twenty-eight, was born with sickle-cell anemia, in
which a genetic mutation interferes with the normal function of
red blood cells and leads to their rapid breakdown. Her distant
African ancestors benefited from this particular mutation, which
conferred a measure of protection against the parasite causing
malaria. But for Barbara, living in the malaria-free United States,
the disease meant only chronic anemia, blood clots, episodes of
pain, frequent colds, and most likely an early death from cardio-
vascular disease.

There is no way to fix or change the HbS mutation causing
sickle-cell anemia. However, Barbara’s physician had read recent
medical journal reports showing that moderately high doses of
some vitamin supplements could reduce the symptoms of sickle-
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cell anemia. He recommended that she take these supplements,
including 800 IU of natural vitamin E, 4,000 mg of vitamin C,
1,000 mcg of folic acid, 500 mcg of vitamin B12, and 4,000 mg of
garlic supplements.

After several weeks Barbara’s painful episodes began to
decline. Six months later she reported having fewer episodes of
pain and fewer colds, and tests indicated that her red blood cells
were not breaking down as quickly as they had been. While the
vitamins were not a cure for sickle-cell anemia, they did signifi-
cantly minimize Barbara’s symptoms.

Nutrient Deficiencies Inhibit Gene Activities
It is important to understand that inadequate levels of vitamins, miner-
als, and other types of micronutrients can impair normal gene function.
Micronutrients play myriad roles in the body’s production of new
DNA, cells, and tissue, as well as in energy production.

For years many scientists and physicians dismissed the health ben-
efits of vitamins and minerals. However, the importance of these
micronutrients in synthesizing, protecting, and repairing DNA and
genes is undeniable, if often buried in the technical language of bio-
chemistry textbooks. Inadequate levels of vitamins and minerals
become “rate-limiting” factors—that is, they slow or inhibit the rate of
necessary chemical reactions.

If this idea seems a bit arcane, consider that the rates of these chem-
ical reactions affect your heart function, your healing time, your energy
levels, your thinking and memory, your resistance to infection and can-
cer, your body’s ability to detoxify noxious chemicals, and every other
physical function. Low levels and outright deficiencies of micronutri-
ents slow and inhibit genetic activities and chemical reactions, resulting
at first in vague symptoms and later in diagnosed diseases. Optimal lev-
els of vitamins and other micronutrients promote the necessary genetic
activities and chemical reactions of health.

How Poor Nutrition Affects 
Subsequent Generations

If nutritional deficiencies or imbalances can impair DNA function and
set the stage for disastrous health consequences in an individual, what
might be the effect of a genetically inadequate diet on that person’s
children and even grandchildren?
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Many studies have investigated how nutritional excesses or defi-
ciencies early in life affect a person in later years, as well as subsequent
generations.They may permanently alter an individual’s lifelong nutri-
tional requirements, and genetic changes may be passed on to future
family members.

As one example, the Canadian psychiatrist Dr. Abram Hoffer
found that prisoners of war, who suffered severe nutritional deficien-
cies while in captivity, developed exaggerated requirements for many
micronutrients, such as the B vitamins. These increased requirements
for B vitamins suggest that the prisoners of war suffered a combination
of genetic damage and permanent biochemical impairments. The con-
sequences of nutritional deficiencies could be overcome through high-
dose vitamin supplementation.

In addition, physicians have recognized that people who are obese
or have diabetes are likely to have children who also develop these
conditions. Such diseases in the children of obese or diabetic parents
have often been vaguely attributed to either genetics or poor eating
habits.While parents often share bad dietary habits with their children,
there is strong evidence that some genetic changes in parents can be
passed on to children and grandchildren.

A recent study published in the European Journal of Human
Genetics confirmed the multigenerational effects of different eating
habits in people. Swedish researchers tracked three generations of peo-
ple, born in 1890, 1905, and 1920, and analyzed the effects of abundant
dietary carbohydrates (during times of food surplus) and carbohydrate
restriction (during times of famine) on subsequent generations.

The researchers found that if a person’s father or paternal grand-
father ate a lot of carbohydrates before puberty, his children and 
grandchildren had a higher risk of dying from cardiovascular disease
and were four times more likely to develop diabetes. However, if a
person’s father or grandfather consumed fewer carbohydrates, his
children and grandchildren were far less likely to develop either
diabetes or cardiovascular disease. These differences in disease risk
reflect fundamental alterations in gene behavior and biochemistry
from one generation to the next.

In a similar vein, recent studies have shown that the diet of preg-
nant mice can significantly influence their offspring’s appearance and
risk of disease. Researchers at the Duke University Medical Center
experimented with a breed of mice possessing a gene that codes for yel-
low fur, obesity, and a greater risk of diabetes. But when the researchers
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gave pregnant mice extra B-complex vitamins, the gene was turned off
in the fetuses, so they grew up thin and with brown fur and had a lower
long-term risk of disease. This study, and its implications in people, will
be discussed further in chapter 5, while some of the implications of
prenatal stresses and nutrition will be described in chapter 9.

How Extra Vitamin D Offset a Sluggish VDR Gene
After experiencing two falls and fractured bones, Sandy, age fifty-
five, was diagnosed with osteoporosis. Her physician recom-
mended that she take a daily supplement containing 1,000 mg of
calcium and 400 IU of vitamin D. But the supplement did not
seem to help. A year later she fractured her wrist while loading
groceries into her car.

A new physician suggested that Sandy take part in a university-
based study on genetics and osteoporosis. Tests revealed that
Sandy had a common polymorphism (variation) in the vitamin D
receptor gene (VDR), which regulates how the body uses vita-
min D and calcium. Because of the VDR polymorphism, Sandy
did not efficiently use vitamin D, and her blood levels of the vita-
min remained low.

Her physician recommended three steps. He increased Sandy’s
vitamin D intake to 2,000 IU daily. He suggested that she spend
fifteen to thirty minutes a day walking in the sun, which would
help her body make its own vitamin D. He also recommended
that Sandy begin some moderate weight training, because resist-
ance exercise increases bone density.

Two years later bone scans have shown an increase in 
Sandy’s bone density. In addition, despite her heightened level of
activity, she has not experienced any additional fractures. Her
higher supplemental intake of vitamin D, combined with regular
sun exposure, has successfully overcome an inefficient VDR gene.

The Genetic Basis of Optimal Nutrition
If our ancient nutrient-dense diet established our genetic baseline, what
guidelines might we follow for getting the most out of our genes today,
especially when we are living longer and acquiring more age-related
genetic damage?

After the discovery of vitamins in 1911, considerable medical atten-
tion focused on identifying and correcting the most severe nutritional

c03.qxd  11/22/04  10:12 AM  Page 36



CONFL ICTS  BETWEEN ANCIENT GENES AND MODERN FOODS 37

deficiencies. These gross deficiencies—resulting in diseases like scurvy,
pellagra, beri-beri, and others—were relatively common during the
early part of the twentieth century. Providing vitamin-rich foods (and,
later, vitamin supplements) corrected the symptoms of these deficiency
diseases. However, nearly all researchers and physicians at the time
made an incorrect assumption: they believed that the symptoms were
the early signs of vitamin deficiencies. In truth, the deficiency diseases
were actually the most serious and advanced symptoms of vitamin defi-
ciencies, representing a near-total breakdown of normal gene function
and biochemistry before death.

In 1939, which might seem like an eternity ago, Dr. Albert Szent-
Györgyi, the Nobel laureate who discovered vitamin C, proposed that
the medical community shift its focus from determining minimal or
adequate vitamin levels to gauging the optimal levels of vitamins that
people should consume. A growing number of nutritionally oriented
physicians have done just this, using dietary changes and nutritional
supplements to treat a wide variety of diseases.

As brief examples, many different diseases can be prevented or
reversed through a variety of nutritional therapies. Among them are
Alzheimer’s disease (vitamin E), carpal tunnel syndrome (vitamin B6),
macular degeneration (lutein) migraine headache (vitamin B2 or mag-
nesium), mood disorders (B-complex vitamins), multiple sclerosis
(vitamins D and B12), night blindness (vitamin A), Parkinson’s disease
(coenzyme Q10), periodontal disease (vitamin C), and stroke (vitamin
C). Underlying all of these diseases are damaged or malfunctioning
genes, a consequence of consuming inadequate amounts of the nutri-
tional precursors to DNA and various biochemicals.

It is important to remember that while we all require the same
nutrients for health, we often need them in substantially different
amounts. Research along these lines was first conducted by Roger 
J. Williams, Ph.D., in the 1950s. In other words, you may achieve
reasonable good health by consuming about 200 mg of vitamin C daily,
whereas I may need ten or more times that amount.The reasons relate
to our underlying biochemical and genetic individuality.

In the next three chapters, we will explore how specific nutrients are
involved in generating energy, creating new and replacement DNA,
and protecting and repairing DNA.
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To make new DNA, which is necessary for health, healing, and life
itself, your cells must have the energy to drive the underlying biologi-
cal construction processes. When large numbers of cells lack this
energy, the deficiency negatively affects the production of DNA and
the function of genes in different organs.You cannot feel a reduction in
the energy-producing chemical reactions in individual cells, but you will
notice some of their collective consequences in the form of fatigue,
mental fuzziness, and increased risk of illness.

The Role of Energy in DNA
Through a series of biochemical reactions known as bioenergetics,
mitochondria in cells break down simple food molecules, such as glu-
cose and fat, and convert them to adenosine triphosphate (ATP). The
health of your DNA is dependent on two crucial roles played by ATP.

First, ATP functions as the universal form of chemical energy in
cells, acting somewhat like an electrical capacitor that stores and
quickly releases energy to drive chemical reactions, including the activ-
ities of DNA and RNA. The importance of cellular energy cannot be

4
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DNA Damage
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overstated; it has been described as the “currency” of life or, if you
prefer, our “life force.” This chemical energy powers every cell in your
body.

Second, ATP is also an essential ingredient in the structure of
DNA, contributing a structure that biochemists call an adenine ring.
After being created in mitochondria, ATP molecules migrate through
each cell to form part of the structure of both mitochondrial DNA and
nuclear DNA.

Significantly, low levels of ATP or low levels of the nutrients
involved in ATP production reduce cell energy levels and prevent nor-
mal cellular and DNA activities. The more obvious symptoms may
include fatigue, organ dysfunction, and premature aging.

This chapter focuses primarily on the most important vitamin-like
“mitochondrial nutrients” involved in ATP production. As you read
about these nutrients, remember that as long as your cells can produce
large amounts of ATP, they will have the energy to function and remain
capable of making healthy new DNA and replacement cells.When you
eat foods or take supplements high in these nutrients, you will likely
sense an improvement in your energy levels, an outward sign of more
efficient bioenergetics.

Bioenergetics: Converting Food to Energy
Bioenergetics occurs in two connected series of chemical reactions.The
first group of chemical reactions takes place within what is known as
the Krebs cycle. This cycle is analogous to a water wheel that uses the
energy of moving water to rotate the wheel. During the Krebs cycle,
glucose (made from all sugars and carbohydrates) and fat are broken
down and converted to increasingly energetic compounds. Much of the
resulting energy is channeled into another biochemical pathway called
oxidative phosphorylation. You can envision this pathway as some-
thing like a trough carrying fast-moving water from the water wheel.
This energy eventually leads to the creation of ATP.

There is, however, a paradox in these energy-generating reactions.
While bioenergetics is absolutely essential for life, it also generates
nearly all of the destructive free radicals made within the body. Free
radicals are a necessary part of the chemical reactions, because they
transfer much of the energy through the many chemical reactions. Most
of the free radicals are contained within these chemical reactions, but
some do leak out, leading to mitochondrial damage and, little by little,
less efficient energy production, leading to a kind of chain reaction:
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As bioenergetics becomes less efficient, more free radicals manage 
to escape. As these free radicals continue to increase and spread out,
they damage DNA. As damage to DNA accumulates, energy produc-
tion becomes even less efficient, leading eventually to organ failure 
or death.

Boosting Your Body’s Energy Production
The good news is that you can take steps to improve the efficiency of
bioenergetics.All of the chemical reactions in bioenergetics are built on
nutrients, also known as nutritional substrates. While glucose and fat
provide the raw fuel for energy, their combustion depends on the pres-
ence of several key nutrients. For example, coenzyme A plays a crucial
role in the Krebs cycle, and coenzyme A is built around a molecule of
pantethene, a form of the B vitamin pantothenic acid. Coenzyme A also
helps molecules attach to each other, and it is essential for the creation
of DNA and RNA.

Increasing your intake of mitochondrial nutrients found in foods
and supplements can significantly improve the efficiency of your bioen-
ergetics. The benefits are more energy for your cells to do their jobs,
increased (nonstimulant) energy for you in your day-to-day activities,
less risk of certain diseases, and reduced free-radical damage to your
DNA. The crucial nutrients are coenzyme Q10 (CoQ10), alpha-lipoic
acid, carnitine and acetyl-L-carnitine, ribose, creatine, and some of the
B vitamins. Again, as you read about the benefits of these nutrients,
remember that they all enhance the production or utilization of ATP,
which helps drive normal DNA activity.

Coenzyme Q10
CoQ10 has an exceptional pedigree: it was the basis of the 1972 Nobel
Prize for Chemistry because of its key role in shuttling around the
energy-carrying electrons involved in bioenergetics. Although people
make small amounts of CoQ10 within their bodies, it is for all practical
purposes a vitamin.

The greatest concentrations of CoQ10 are found in the most energy-
dependent and metabolically active cells, including those that form the
skeletal muscle (in your arms and legs), the heart, the brain, the liver,
and the immune system. In the late 1960s, Japanese researchers discov-
ered that CoQ10 was beneficial in treating cardiomyopathy and heart
failure, diseases in which the heart muscle lacks the energy to pump
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